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Appendix II - Crystallographic Details of the Crystal 
Structure Described in Chapter 5 
II.1 Experimental 
A crystal with the dimensions of 0.31 x 0.28 x 0.21 mm was mounted on top of a 
glass fiber and aligned on a Bruker1 SMART APEX CCD diffractometer (Platform 
with full three-circle goniometer). The diffractometer was equipped with a 
4K CCD detector set 60.0 mm from the crystal. The measurement took place at 
293(1) K. Intensity measurements were performed using graphite monochromated 
Mo-Kα radiation from a sealed ceramic diffraction tube (SIEMENS). Generator 
settings were 50 KV/ 40 mA. SMART was used for preliminary determination of 
the unit cell constants and data collection control. The intensities of reflections of a 
hemisphere were collected by a combination of 3 sets of exposures (frames). Each 
set had a different φ angle for the crystal and each exposure covered a range of 0.3o 
in ω. A total of 1800 frames were collected with an exposure time of 10.0 seconds 
per frame. Data integration and global cell refinement was performed with the 
program SAINT.1 The final unit cell was obtained from the xyz centroids of 1705 
reflections after integration. Intensity data were corrected for Lorentz and 
polarization effects, scale variation, for decay and absorption: a multi scan 
absorption correction was applied, based on the intensities of symmetry related 
reflections measured at different angular settings (SADABS)2, and reduced to Fo2. 
The program suite SAINTPLUS was used for space group determination (XPREP).1 
The unit cell3 was identified as cubic. Space group F-43m was derived from the 
systematic extinctions and discriminated from other candidate space groups, which 
comply with the same extinction conditions, during the structure determination 
process. Examination of the final atomic coordinates of the structure did yield an 
extra crystallographic symmetry element: an inversion centre, but refinement with 
space group Fm-3m did not lead to chemically reasonable Fe-C and Mn-N 
distances. 
The initial coordinates4,5 were taken from a refined, powder structure. The 
positional and anisotropic displacement parameters were refined. The Rb atom is 
disordered over two equivalent positions (4c & 4d). The s.o.f. of the major fraction 
of the component of the disorder model refined to a value of 0.7512(4). From the 
elemental analysis it was clear that the ratio (CN) / H is 3:1. The oxygen (from 
water) is located on the same positions as Rb and also is disordered. The s.o.f. of 
Rb1 is set equal to the s.o.f. of O2 and v.v. The positional-, anisotropic 
displacement parameters were set to be equal and the relative s.o.f. was refined. 
Final refinement on F2 carried out by full matrix least squares techniques 
converged at wR(F2) = 0.1004 for 181 reflections and R(F) = 0.0348 for 170 
reflections with Fo ≥ 4.0 σ(Fo) and 16 parameters. The final difference Fourier map 
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was essentially featureless: no significant peaks (0.8(2) e/Å3) having chemical 
meaning above the general background were observed. 
The crystal appeared to be an inversion twin:6,7,8,9 x parameter refined to 0.69(11). 
The crystal exhibited some secondary extinction for which the Fc2 values were 
corrected by refinement of an empirical isotropic extinction parameter10 
(0.0025(6)). 
The positional and anisotropic displacement parameters were refined on F2 with 
full matrix least squares procedures minimizing the function Q = ∑h[w(│(Fo2) - 
k(Fc2)│)2], where w = 1/[σ2(Fo2) + (aP)2 + bP], P = [max(Fo2,0) + 2Fc2] / 3, F0 
and Fc are the observed and calculated structure factor amplitudes, respectively; 
ultimately the suggested a (=0.0596) and b (= 1.7609) were used in the final 
refinement. 
Crystal data and numerical details on data collection and refinement are given in 
Table II.1. Final fractional atomic coordinates, equivalent displacement parameters 
and anisotropic displacement parameters for the atoms are given in Table II.2 and 
Table II.3, respectively. Neutral atom scattering factors and anomalous dispersion 
corrections were taken from International Tables for Crystallography.10 
All refinement calculations and graphics were performed on a HP XW6200 (Intel 
XEON 3.2 GHz) / Debian-Linux computer at the University of Groningen with the 
program packages SHELXL11 (least square refinements), a locally modified version 
of the program PLUTO12 (preparation of illustrations) and PLATON13 package 
(checking the final results for missed symmetry with the MISSYM option, solvent 
accessible voids with the SOLV option, calculation of geometric data and the 
ORTEP11 illustrations). 
II.2 Results 
All atoms of the asymmetric unit are located on a special position, but with 
different site symmetry: Rb1 (4c): -43m (4/96), Rb2 (4d): -43m (Rb1 and Rb2 are 
partly occupied with an s.o.f. of 0.7512(4) and 0.2488(4), respectively), O1 (4c): -
43m (4/96), O2 (4d): -43m (O1 and O2 are partly occupied with an s.o.f. of 
0.2488(4) and 0.7512(4), respectively), Mn (4b): -43m (4/96), Fe (4a): -43m 
(4/96), N (24f) : 2.mm (24/96), C (24f) : 2.mm (24/96). The cubic unit cell contains 
five units: free Rb cations, free oxygen atoms from water and a three dimensional 
network of (-Fe-C-N-Mn-); Fe and Mn are each surrounded by six CN ligands. 
II.3 Attempts to determine the structure at 100K 
Slow cooling of the crystal to 100 K and subsequent diffraction measurements at 
100 K resulted in many diffuse spots and a unit cell by dirax:14 a, b, c = 7.4348, 
7.4564, 7.4572 and α, β, γ = 60.164, 60.217, 60.162. Apart from these unit cell 
parameters being rather unrealistic, also about 20% of the reflections did not fit in 
this orientation matrix. Noting that the crystallographic data recorded at room 
temperature revealed twinning, this may also be the case at 100 K. In addition, 
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from X-ray diffraction on powdered samples it is known that the low temperature 
form of the material has a tetragonal symmetry,4,5 and the crystal may have a lack 
in preference for the elongation of one axis when going from cubic to tetragonal. 
Furthermore, the partial switching of the material will give another complication in 
the elucidation of the crystal structure at 100 K. Similar results were obtained on 
various single crystals. 
Table II.1a Crystal data and details of the structure determination 
Moiety_Formula Rb(H2O)FeMn(CN)6 
Formula_Weight, g.mol-1  370.37 
Crystal system cubic  
Space group, no.  F-43m, 216  
A, Å 10.521(2) 
B, Å 10.521(2) 
C, Å 10.521(2) 
V, Å3 1164.6(4) 
Θ range unit cell: min.-max., deg; reflections 3.35 - 29.76 ; 1705 
Formula_Z 4 
Space group_Z 96 
Z’ (= Formula_Z / Space group_Z) 1/24 
ρcalc, g.cm-3 2.112 
F(000), electrons 704 
µ(Mo Kα ), cm-1 64.68 
Color, habit Dark brown, cube 
Approx. crystal dimension, mm 0.31 x 0.28 x 0.21 
Table II.1b Data collection 
Radiation type; λ, Å 
Mo Kα , 0.71073 
Monochromator Graphite 
Measurement device type Bruker SMART APEX  
CCD area-detector diffractometer 
Detector Area resolution (pixels / mm) 4096 x 4096 / 62 x 62 (binned 512) 
Temperature, K 293(1) 
Measurement method ϕ- and ω-scans 
θ range; min. max., deg 3.35, 28.22 
Index ranges h: -12→14; k: -13→14; l: -13→14 
Min.- Max. absorption transmission factor 0.1821 – 0.2733 
X-ray exposure time, h 7.8 
Total data 2657 
Unique data 181 
Data with criterion: (Fo ≥ 4.0 σ (Fo)) 170 
Rint = ∑ [|Fo2 - Fo2 (mean)|] / ∑ [Fo2] 0.0231 
Rsig = ∑ σ(Fo2) / ∑ [Fo2] 0.0116 
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Table II.1c Refinement 
Number of reflections  181 
Number of refined parameters 16 
Isotropic secondary-extinction coefficient, g 0.0024(11) 
Final agreement factors:  
wR(F2) = [ ∑ [w(Fo2 - Fc2)2] / ∑ [w(Fo2)2]]1/2 0.1004 
Weighting scheme: a, b 0.0596, 1.7609 
 W = 1/[σ2(Fo2) + (aP)2 + bP]  
 And P = [max(Fo2,0) + 2Fc2] / 3  
R(F) = ∑ (||Fo| - |Fc||) / ∑ |Fo | 0.0348 
 For Fo > 4.0 σ (Fo)  
Absolute-Structure parameter Flack's x 0.69(11) 
GooF = S = [ ∑ [w(Fo2 - Fc2)2] / (n-p)] 1/2 1.287 
 n = number of reflections  
 p = number of parameters refined  
Residual electron density in final  
 Difference Fourier map, e/Å3 -0.9, 0.8(2) 
Max. (shift/σ) final cycle <0.001 
Mean. (shift/σ) final cycle <0.001 
Table II.2 Final fractional atomic coordinates and equivalent isotropic displacement 
parameters with s.u.'s in parentheses for RbMn[Fe(CN)6]•H2O. 
Atom X y Z Ueq (Å2)* 
Fe 0 0 0 0.0170(3) 
Mn 0 0 ½ 0.0149(3) 
N 0 0 0.2904(5) 0.0493(11) 
C 0 0 0.1828(4) 0.0281(9) 
Rb1a ¼ ¼ ¼ 0.1340(12) 
Rb2b ¾ ¾ ¾ 0.210(5) 
O1b ¼ ¼ ¼ 0.1340(12) 
O2a ¾ ¾ ¾ 0.210(5) 
 *) Ueq = 1/3 ∑ i ∑ jUijai*aj*ai.aj  
 [a] Indicates a s.o.f. of 0.7512(4)  
 [b] Indicates a s.o.f. of 0.2488(4) 
Table II.3 Anisotropic (displacement) parameters (Å2) for RbMn[Fe(CN)6]•H2O 
 U11 U22 U33 U23 U13 U12 
Fe 0.0170(6) 0.0170(6) 0.0170(6) 0.0(-) 0.0(-) 0.0(-) 
Mn 0.0149(6) 0.0149(6) 0.0149(6) 0.0(-) 0.0(-) 0.0(-) 
N 0.0585(18) 0.0585(18) 0.022(2) 0.0(-) 0.0(-) 0.001(4) 
C 0.0326(13) 0.0326(13) 0.0192(18) 0.0(-) 0.0(-) 0.004(3) 
Rb1 0.134(2) 0.134(2) 0.134(2) 0.0(-) 0.0(-) 0.0(-) 
Rb2 0.210(9) 0.210(9) 0.210(9) 0.0(-) 0.0(-) 0.0(-) 
O1 0.134(2) 0.134(2) 0.134(2) 0.0(-) 0.0(-) 0.0(-) 
O2 0.210(9) 0.210(9) 0.210(9) 0.0(-) 0.0(-) 0.0(-) 
 Thermal vibration amplitudes (Å2) 





 or  
 F(h) = Fo(h) exp (-8π2Uiso(sin(θ)/λ)2)  
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